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ABSTRACT
Patients on bone-modifying agents (BMAs) for bone metastases are at risk of atypical femoral fractures (AFFs), which can lead to a
sudden deterioration in performance status. In this study, we sought to determine the prevalence of radiographic precursory signs
of AFF in patients on oncologic BMAs. Forty-two patients (23 men, 19 women; mean age 68.8 � 10.0 years) on oncologic BMAs (zole-
dronate for >3 years and/or denosumab for >1 year) and without clinical symptoms were enrolled between 2019 and 2021. All
patients were receiving denosumab at enrollment and 5 had previously used zoledronate. The mean duration of BMA use was
31.2 � 18.5 months. Radiographs of both femurs were screened for precursory signs of AFF (e.g., thickening of the lateral cortex).
The patients were divided into two groups according to thickening status and compared by duration of BMA use. They were also
divided into three groups by duration of BMA use (12–23 months, n = 18; 24–59 months, n = 19; ≥60 months, n = 5), and the prev-
alence of apparent thickenings was examined. As a result, 18 patients (42.9%) showed minute local or diffuse thickening and
10 (23.8%) showed apparent local thickening. The duration of BMA use was significantly longer in patients with apparent thickening
than in those without (47.3 � 23.6 months [n = 10] versus 26.2 � 13.5 months [n = 32]; p < 0.05). The prevalence of apparent thick-
ening increased with increasing duration of BMA use (12–23 months, 5.6%; 24–59 months, 31.6%; ≥60 months, 60.0%). In conclusion,
radiographic precursory signs of AFF are common in patients on oncologic BMAs. Radiographic screening for AFF could be relevant in
patients who have been on long-term oncologic BMAs, even if asymptomatic. © 2023 The Authors. JBMR Plus published byWiley Peri-
odicals LLC on behalf of American Society for Bone and Mineral Research.
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Introduction

Cancer patients with bone metastases are generally treated
with a bone-modifying agent (BMA) such as zoledronate

or denosumab.(1–7) The recent improvement in the life expec-
tancy of patients with cancer, including those with bone
metastases,(8) has resulted in more patients with bone metasta-
ses being on long-term BMAs.(1,2) Long-term use of BMAs has

been associated with adverse events, in particular osteonecrosis
of the jaw and atypical femoral fractures (AFFs).(1,2) Since the ini-
tial reports in about 2003,(9–12) osteonecrosis of the jaw has been
considered the most important adverse event associated with
long-term oncologic use of BMAs.(1,2) However, AFF has also
been widely recognized as an adverse effect of oncologic BMAs
since around 2010, when the case definition of AFF was first pub-
lished by the American Society for Bone and Mineral Research
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Task Force.(13) Many case reports and case series of AFF due to
the oncologic use of BMAs have been reported,(14–19) and AFF
is now recognized as another important complication of long-
term BMA use.(1,2)

According to the current case definition of AFF, which was
revised in 2013, AFFs include fractures associated with minimal
or no trauma, transverse or oblique fractures originating from
the lateral cortex, noncomminuted or minimally comminuted
fractures, and fractures with localized periosteal or endosteal
thickening of the lateral cortex.(20) A complete AFF and subse-
quent surgery can trigger a sudden decrease in performance sta-
tus, performance of activities of daily living (ADL), and quality of
life (QoL). Therefore, early detection of prodromal symptoms or
signs of developing AFF and prophylactic treatment are impor-
tant in patients with cancer.(14) Prodromal symptoms of AFF,
such as a dull or aching pain in the groin or thigh, are listed as
minor features in the case definition but do not necessarily
occur.(20) Indeed, there have been several case reports of AFF
that developed suddenly without any prodromal symp-
toms.(14,16) On the other hand, localized periosteal or endosteal
thickening of the lateral cortex, known as beaking or flaring, is
listed among the major features and is generally observed at
the site of an AFF.(20) These thickenings are assumed to develop
asymptomatically before onset of a complete AFF or prodromal
symptoms. Therefore, radiographic examination of the femur
might reveal changes suggestive of developing AFF in patients
at elevated risk. However, the incidence of asymptomatic radio-
graphic changes in patients with cancer who are receiving a
BMA, the time course of these findings, and the probability of
progression to complete AFF are still unclear. The aim of this
study was to determine the prevalence of radiographic precur-
sory signs of AFF in cancer patients with bone metastasis.

Material and Methods

Study design, setting, ethics, and patient enrollment

This cross-sectional study was performed at a high-volume multi-
disciplinary university hospital that treats 2600 new cancer patients
annually. The hospital also has a bonemetastasis consultation sys-
tem staffed by orthopedic surgeons that has managed over
900 patients with bone metastasis since it was established in April
2011. The study was approved by our institutional review board
(M2019-051), and informed consent was obtained from all study
participants. All procedures involving human participants were
performed in accordance with the ethical standards of the relevant
institutional and/or national research committees and with the
1964 Helsinki Declaration and its later amendments or comparable
ethical standards. The data were fully anonymized, thereby pro-
tecting the patients’ privacy and dignity.

From April 2011 to June 2021, a total of 912 patients were regis-
tered in the bone metastasis consultation system, 257 of whom
were on oncologic BMAs between July 2019 and June 2021 accord-
ing to institutional pharmacy records (Fig 1). Of these 257 patients,
91 who were receiving ongoing/prolonged treatment with a BMA
during the study period were assessed for eligibility. The study
inclusion criteria were age 20 years or older and treatment with
an oncologic BMA for more than a certain duration (zoledronate,
>3 years; denosumab, >1 year). After exclusion of 49 patients who
did not meet the eligibility criteria, we finally enrolled 79 femurs
(42 patients, 23male, 19 female) without any prodromal symptoms
suggestive of AFF, such as groin or thigh pain.

Patient demographics

Mean age at enrollment was 68.8 � 10.0 years (Table 1). Lung
cancer was the most common primary lesion (n = 10, 23.8%),
followed by breast cancer (n = 9, 21.4%), prostate cancer
(n = 8, 19.0%), and neuroendocrine tumors (n = 5, 11.9%). Five
patients had a history of switching from zoledronate to denosu-
mab. All of the study participants were receiving ongoing treat-
ment with denosumab during the study period. The mean
duration of denosumab use was 28.7 � 16.8 months, and the
mean total duration of BMA use (zoledronate or denosumab)
was 31.2 � 18.5 months.

Radiographic examination and image interpretation

Full-length radiographs of the femurs were obtained for all
patients and searched from the proximal end to distal end of
the diaphysis to identify whether there were any precursory
signs of AFF, such as thickening of the lateral cortex or a fracture
line. The imaging protocol was standardized as seven images,
including both hips (anteroposterior and Lauenstein views) and
both femurs (anteroposterior and lateral views), with anteropos-
terior images obtained with the patella in the true forward posi-
tion. All images were evaluated by two orthopedic trauma
surgeons jointly (TK, YO) familiar with the treatment of AFF.
The thickening ratio (TR) for a focally thickened lateral cortex
was calculated and graded (Table 2). The TR is the ratio of the

Fig. 1. Flow chart showing patient recruitment process. BMA, bone-
modifying agent (zoledronate or denosumab).
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peak cortical thickness to the average thickness between the
proximal and distal ends of the thickened area (Fig 2). We
assessed diffuse thickening and minute local thickening of the
lateral cortex as grade 1, thickening with a TR ≥1.1 as apparent
thickening (grade 2a, TR <1.5; grade 2b, TR ≥1.5), thickening with
an incomplete fracture line as grade 3, and thickening with a
complete AFF as grade 4. In the grading system, we put a divid-
ing line between grades 1 and 2 at a 10% change in cortical
thickening (TR <1.1 or ≥1.1). Based on the commonly accepted
idea in experimental science that a value visually read to a tenth
of the minimum scale is a significant figure, we assumed that a
10% difference in the thickness of the cortex was perceptible
and obvious.(21)

Analysis of association between progression of AFF and
duration of BMA use

First, we divided the 42 patients into two groups (grade 0 or 1 and
grade ≥2) and compared their duration of BMA use. We then
divided the patients according to duration of BMA use (12–

23 months, n = 18; 24–59 months, n = 19; and ≥60 months,
n = 5) and calculated the proportion of patients with grade ≥2
thickening in each group.

Statistical analysis

Continuous data are shown as the mean � standard deviation
and categorical data as the number (percentage). Variables were
compared between the groups using the Mann–Whitney U test.
All statistical analyses were performed using JMP version 12 (SAS
Institute Inc., Cary, NC, USA). A p-value <0.05 was considered sta-
tistically significant.

Results

Prevalence of radiographic findings

Twenty-eight of the 42 patients (66.7%) showed some type of
radiographic change in the femoral diaphysis suggestive of
developing AFF (Table 3). Twenty-five of these 28 patients
(89.3%) had changes in the subtrochanteric region and
18 (64.3%) had changes in the midshaft region; 15 patients
(53.4%) had multiple changes in the subtrochanteric and mid-
shaft regions. Apparent local thickening of the lateral cortex
(grade 2, TR ≥1.1) was identified in 10 patients (23.8%; see Sup-
plemental Table S1). Marked local thickening of the lateral cortex
(grade 2b, TR ≥1.5) was identified in one patient (2.4%). Minute
local or diffuse thickening (grade 1) was identified in 18 patients
(42.9%). No grade 3 fracture lines were identified during the
study period. Representative cases for each group are shown in
Figs 3–5.

Association between progression of AFF and duration of
BMA use

The mean duration of BMA use was significantly longer in the
10 patients with grade ≥2 radiographic signs than in the
32 patients with grade 0 or 1 radiographic signs
(47.3 � 23.6 months versus 26.2 � 13.5 months; p = 0.0062).
The frequency of grade ≥2 radiographic signs was 5.6% in the
group that had used a BMA for 12–23 months (n = 1/18),
31.6% in the group that had used a BMA for 24–59 months

Table 1. Patient demographics

Total, n 42

Sex, n (%)
Male 23 (54.8)
Female 19 (45.2)

Age
Mean, years � SD 68.8 � 10.0

Primary malignancy, n (%)
Lung cancer 10 (23.8)
Breast cancer 9 (21.4)
Prostate cancer 8 (19.0)
Neuroendocrine tumor 5 (11.9)
Renal cell carcinoma 3 (7.1)
Paraganglioma 2 (4.8)
Other 5 (11.9)

Total BMA use, n (%) 42 (100)
Mean duration, months � SD 31.2 � 18.5

Zoledronate use, n (%) 5 (11.9)
Mean duration, months � SD 20.8 � 37.4

Denosumab use, n (%) 42 (100)
Mean duration, months � SD 28.7 � 16.8

Abbreviation: BMA = bone-modifying agent; SD = standard deviation.

Table 2. Grading system for precursory signs of atypical femoral
fracture

Grade Radiographic findings

0 Normal lateral cortex
1 Diffuse or minute local thickening of lateral cortex
2 Apparent local thickening of lateral cortex (TR ≥1.1,

“beaking” or “flaring”)
2a TR < 1.5
2b TR ≥ 1.5

3 With incomplete fracture line
3a Localized in lateral cortex
3b Involving medullary canal

4 Complete atypical femoral fracture

Abbreviation: TR = thickening ratio.

Fig. 2. Definition of thickening ratio. We measured thicknesses at the
proximal end (a), peak (b), and distal end (c) of a thickened area and cal-
culated the TR in accordance with the formula. Points a and c mark the
inflection point of the lateral cortex. TR, thickening ratio.
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(n = 6/19), and 60.0% in the group that had used a BMA for
≥60 months (n = 3/5).

Discussion

Our findings suggest that the subclinical prevalence of radio-
graphic changes and potential risk of AFF is markedly high in

cancer patients with bone metastases receiving BMAs. About a
quarter (23.8%) of the patients in this cross-sectional study had
apparent radiographic precursory signs of AFF (i.e., grade 2),
despite being asymptomatic. Previous reports suggested that
the incidence of AFF was only 1% to 2% in patients with cancer
receiving BMAs.(15,16,18) However, most of the relevant studies
were retrospective and focused on patients with clinical or criti-
cal AFF who were treated surgically. A retrospective imaging

Table 3. Numbers of patients and their clinical characteristics according to grade of radiographic findings

Grade 0 1 2a 2b 3

n (%) 14 (33.3) 18 (42.9) 9 (21.4) 1 (2.4) 0 (0)
Male sex

n (%) 10 (71.4) 9 (50.0) 4 (44.4) 0 (0)
Patient age, years

Mean � SD 70.4 � 10.0 68.9 � 10.3 68.1 � 9.2 52
Primary malignancy

Lung cancer 2 6 2 0
Breast cancer 1 5 2 1
Prostate cancer 4 2 2 0
Neuroendocrine tumor 3 1 1 0
Renal cell carcinoma 2 1 0 0
Paraganglioma 2 0 0 0
Other 0 3 2 0

Duration of BMA use, months
Mean � SD 23.3 � 12.0 28.4 � 14.4 44.3 � 23.0 74
Minimum–maximum 13–52 13–62 14–89 74

Abbreviation: BMA = bone-modifying agent; SD = standard deviation.

Fig. 3. Images for patient with grade 2b radiographic findings. The
patient was a 52-year-old woman with bone metastasis from breast can-
cer who had received oncologic denosumab for 74 months.
(A) Anteroposterior image of right femur. (B) Enlarged image of white
box in Fig 3A showing apparent local thickening of subtrochanteric lat-
eral cortex (arrowhead, TR 1.5). The thickening had no radiolucent frac-
ture line. (C) Anteroposterior image of left femur. (D) Enlarged image of
white box in Fig 3C showing apparent local thickening of subtrochanteric
lateral cortex (arrowhead, TR 1.9). The thickening had no radiolucent frac-
ture line. Patient was assessed as grade 2b. TR, thickening ratio.

Fig. 4. Images for patient with grade 2a radiographic findings. The
patient was an 83-year-old woman with bone metastasis from lung can-
cer who had received oncologic denosumab for 65 months.
(A) Anteroposterior image of right femur. (B) Enlarged image of white
box in Fig 4A showingmultiple apparent local thickenings of subtrochan-
teric lateral cortex (arrowheads, maximum TR 1.2). The multiple thicken-
ings indicated a serrated cortex. (C) Anteroposterior image of left femur.
(D) Enlarged image of white box in Fig 4C also shows two apparent local
thickenings of subtrochanteric lateral cortex (arrowheads, maximum TR
1.1). She was assessed as grade 2a. TR, thickening ratio.
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study by Yang et al. identified three cases of subclinical asymp-
tomatic AFF in 66 patients with bone metastases, giving an inci-
dence of 4.5%.(16) However, they were only able to review scout
computed tomography, bone scintigraphy, or magnetic reso-
nance images that were retrospectively available, so they could
not comprehensively screen for radiographic signs of develop-
ing AFF. In contrast, the findings of our study, which included
detailed screening for AFF using prospectively obtained radio-
graphic images, suggests that the true prevalence of radio-
graphic signs of AFF in cancer patients with bone metastasis
who are receiving oncologic BMAs is markedly higher than pre-
viously reported.

We also found that longer-term use of BMAs was associated
with precursory signs and development of AFF. Our patients with
grade 2 findings (apparent local thickening of the lateral cortex)
had a longer history of BMA use than thosewith grade 0 or 1 find-
ing. Several previous reports suggested a relationship between
oncologic AFF and longer-term BMA use.(14–16) Takahashi et al.
found that more than half of 12 patients with AFF associated
with oncologic use of denosumab (seven from their own cohort
and seven from previous reports extracted by systematic review)
had used denosumab or another bisphosphonate for longer
than 42 months.(15) Although there are multiple risk factors for
AFF, including drugs other than BMAs, certain diseases, bone
morphology, loading stress, and bone fragility,(20,22–32) long-
term BMA use is widely considered to be the main
cause.(1,2,17,22,23,33–36) However, it has been unclear when we

should check for precursory signs of AFF in patients on oncologic
BMAs. In our study, warning signs were identified in one of
18 patients who had used a BMA for a short period (13–
23 months). Therefore, we suggest that patients who have been
taking an oncologic BMA, in particular denosumab, for more
than 1 year should undergo regular radiographic screening.

Patients with lung cancer are traditionally considered least
likely to develop oncologic AFFs because of their relatively short
life expectancy(14); however, this may not be the case in the
future. In the context of oncologic BMA use, most of the previ-
ously reported cases of AFF were in patients with breast cancer,
followed by prostate and other cancers.(15,16,18,19) In our present
study, radiographic findings were grade ≥2 in 33.3% of patients
(3/9) with breast cancer, 25.0% (2/8) in those with prostate can-
cer, and 20.0% (2/10) in those with lung cancer. Thus, the preva-
lence of radiographic precursory signs of developing AFF in
patients with lung cancer was not much lower than that in
patients with breast or prostate cancer. Therefore, oncologic
AFFs are likely to become more common in patients with lung
cancer as their life expectancy increases.

Althoughmost AFFs associated with the use of a BMA for oste-
oporosis occur in women,(20) oncologic AFFs can also be com-
mon in men. In our study, four of 10 patients with grade ≥2
findings and nine of 18 with grade 1 findings were men. There
have been previous reports on oncologic AFFs occurring in
men.(14,19) While there are undoubtedly sex-related differences
in the incidence of background diseases (e.g., osteoporosis,
osteopenia, or metastatic bone disease), it appears that both
sexes are at risk of AFF when on long-term oncologic BMAs. How-
ever, further research is needed to determine whether there is a
sex-related difference in the risk of oncologic AFFs.

Strategies that can prevent oncologic AFFs are essential to
preserve performance status, performance of ADL, and QoL in
patients with bonemetastases. The first step is to identify precur-
sory signs of AFF by radiographic screening. It is important to use
full-length images of the femur because oncologic AFFs can
occur not only in the subtrochanteric region but also in the mid-
shaft, unlike the AFFs associated with the use of BMAs for osteo-
porosis, which usually occur in the subtrochanteric region.(37)

The second stepmay be regular radiographic follow-up for warn-
ing signs at short intervals of three to six months. Patients should
be counseled about the importance of monitoring these signs to
prevent a complete AFF. The final step may be prophylactic fixa-
tion for AFF at the incomplete stage. Patients who develop an
incomplete AFF as a result of taking a BMA for osteoporosis
can be easily switched to parathyroid hormone therapy with
the addition of other nonoperative strategies.(20,38,39) However,
in the context of incomplete AFF due to oncologic BMA use,
interruption of the BMA therapy is often inappropriate because
of the increased risk of skeletal-related events.(3–7) Furthermore,
termination of denosumab without switching to parathyroid
hormone therapy is associated with a rebound effect (e.g., a
sharp decline in bone mass and increased risk of fragility frac-
tures).(40,41) Therefore, nonoperative strategies are not recom-
mended for incomplete AFFs due to oncologic BMA use, and
prophylactic fixation may be preferable in patients with increas-
ing pain or a radiolucent fracture line.

To our knowledge, the proposed grading system is novel.
There are no reports of a grading system similar to ours, which
assesses precursory signs of AFFs and their subclinical risks. The
term “localized thickening of the lateral cortex” has not been
clearly defined, and methods for evaluating images to assess
precursory signs of AFFs have not yet been standardized. This

Fig. 5. Images for two patients with grade 1 radiographic findings. (A, B)
Images for first patient, a 72-year-old woman with bone metastasis from
breast cancer who had received oncologic denosumab for 13 months.
(A) Anteroposterior image of right femur. (B) Enlarged image of white
box in Fig 5A shows diffuse thickening of subtrochanteric lateral cortex
in right femur (open square bracket). She was assessed as grade 1. (C,
D) Images for second patient, a 77-year-old man with bone metastasis
from hepatocellular carcinoma who had received oncologic denosumab
for 40 months. (C) Anteroposterior image of right femur. (D) Enlarged
image of white box in Fig 5C shows minute local thickenings of subtro-
chanteric and midshaft lateral cortex in right femur (arrowheads, maxi-
mum TR <1.1). This patient was also assessed as grade 1. TR, thickening
ratio.
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is why we devised a new grading system that includes both
objective and quantitative methods (including the TR).

This study has several limitations. First, for various reasons,
such as limited life expectancy and psychologic stress, not all
patients who met our inclusion criteria could be enrolled in the
study, which raises the possibility of selection bias. Second, the
BMA regimen for bone metastasis was not standardized, and
we could not assess all the doses administered. Although almost
all patients received regular monthly denosumab (120 mg by
subcutaneous injection) or zoledronate (4 mg by intravenous
injection), we were unable to record all doses or dosing intervals
and only reviewed the duration of BMA use. This was because we
are a multidisciplinary university hospital that cooperates with a
number of regional hospitals and clinics where some patients
receive BMAs. It is still controversial whether the duration or total
number of doses of a BMA is the more significant factor for the
development of AFF. Third, we did not assess the intrarater/
interrater reliability. In the measurement of cortical thickness,
there is a possibility of measuring errors between measurers.
The intrarater/interrater reliability and utility of this grading sys-
tem needs further evaluation. Fourth, the study population was
small. Therefore, future investigations of the risk factors for AFF
in cancer patients and precursory signs of AFF should include
larger numbers of patients. Fifth, the association between ele-
vated TR and the possibility of complete AFF development
remains unclear. In future work, we will follow up the precursory
signs of AFFs and attempt to clarify which signs tend to develop
into radiolucent lines or complete AFFs. Sixth, we did not set a
control group or assess whether or not regular healthy popula-
tions also have localized thickening of the lateral cortex.

Conclusions

The subclinical prevalence of radiographic changes and the
potential risk of AFF in cancer patients who have used oncologic
BMAs in the medium term are remarkably high. Full-length
radiographic screening of the femur could be appropriate for
patients with bone metastasis and a long-term history of onco-
logic BMA use (especially denosumab) to avoid abrupt decreases
in performance status, ADL, and QoL due to the sudden onset of
complete AFF.
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